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@ Device In powder Inhalators. 

@ Device in a previously known powder inhalator intended for 
inhalation of an air flow which contains pharmacologically active 
compound in micronized form. The powder inhalator comprises 
a nozzle unit (2) with a nozzle aperture (2a) as well as a 
container unit (3) with a releasing or dosing unit (6) for 
delivering the active compound. The air flow generated by 
inhalation is at least partly aspirated through an air conduit (7) 
located in the container unit (3), which conduit extends from an 
air inlet (8), communicating with the environment, via said 
releasing or dosing unit (6), up to said nozzle unit (2). According 
to the invention, deflector devices are stationarily arranged in 
the container unit (3) and/or in the nozzle unit (2), said deflector 
devices, for example in the shape of a helical channel portion 
(13), being arranged to create a powerful deflecting movement 
for the purpose of disrupting said powder particles into the 
respirable particle size distribution (less than 5 urn). 
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Description 



Device in powder inhalators 



The present invention relates to a device in 
powder inhaJators intended to be used for local 
administration of drugs to the respiratory tract and 5 
lungs of a patient. 

There are different types of powder inhalators, for 
example those which operate with hard gelatine 
capsules from which the pharmacologically active 
compound lis released during inhalation through the w 
inhalator, and those which dose the pharmacologi- 
cally active compound directly into the air conduit by 
means of a special dosing unit, said compound 
being administered to patients during inhalation 
through the inhalator. 15 

All substances which are used in such inhalators 
are atomized or micronized so that the main fraction 
of the substance is within the particle size range 
which is termed the respirable range, that is, 
particles smaller than 5 um. This applies both to 20 
inhalators operating with pure active compound and 
to those where the active compound is mixed with 
suitable diluting agents such as lactose, sucrose 
etc. 

The active compound is enclosed, without carrier 25 
substance or when appropiate together with carrier 
substance, in hard gelatine capsules or directly in a 
storage unit in the inhalator, which storage unit is 
connected to a suitable dosing unit incorporated in 
the powder inhalator. When the substance is to be 30 
released from the hard gelatine capsule or from the 
dosing unit Into the air conduit of the powder 
inhalator, it is essential that the largest possible 
quantity of primary particles is obtained in the 
respirable range, that is, smaller than 5 jim, at flows 35 
which can be generated by a patient suffering from 
disease of the respiratory tract. A sufficient quantity 
of particles smaller than 5 urn can be obtained to 
achieve a therapeutic effect by means of a particle 
disintegrating construction according to 40 
US-A-4 524 769. in which a constriction in the nozzle 
unit increases the flow velocity of the inhalation air 
and a propeller contributes to an Increase in the 
quantity of particles in the respirable range. This 
construction implies, however, that movable parts 45 
are used in the nozzle unit. 

The object of the invention is to accomplish, 
against this background, a device in powder inhaJa- 
tors of the known kind which is stated in the 
preamble of claim I, in such way that during 50 
inhalation and without the help of movable parts an 
effective disintegration of powder aggregates into 
particles within the respirable range is achieved. 

This object is attained according to the invention 
by deflector devices stationariry arranged in the 55 
container and/or nozzle unit, which deflector de- 
vices are arranged to create a powerful deflecting 
movement, preferably a rotary movement, for 
example through the deflector devices comprising 
one or more helical channel portions. 60 

During the deflection the particles will on the one 
hand be dashed against the walls of the deflector 
devices by centrifugal force, whereby large particles 



or particle aggregates are ground into small par- 
ticles, and on the other hand collide with each other 
which results in a mutual grnding action between the 
particles. The overall result is in that a great quantity 
of particles can be generated within the respiratory 
range. 

The deflector devices can be arranged in many 
different ways, in particular in the form of helical 
channel portions, as will be evident from the claims 
and the detailed description below. 

The invention is described in greater detail below 
with reference to the accompanying drawings which 
illustrate some working examples. 

Figure I shows an axial cross-section through 
a first embodiment of a device according to the 
invention with a helical channel portion in the 
nozzle unit of the powder inhalator; 

Figure 2 shows a corresponding view of a 
second embodiment with a helical channel 
portion in the container unit of the powder 
inhalator; 

Figure 3 shows a corresponding view of a 
third embodiment with a helical channel portion 
in both the nozzle and the container unit; 

Figure 4 shows a corresponding view of a 
fourth embodiment with double helical channel 
portions in the container unit, and 

Figure 5 shows a corresponding view of a 
fifth embodiment with double helical channel 
portions in the container unit and with a helical 
channel portion in the nozzle unit. 
The powder inhalators illustrated in Figures I-5 are 
all of a known type (see US-A-4524769), named 
dosage inhalators, and comprise a nozzle unit 2 with 
a nozzle aperture 2a located at the top and a 
container unit 3 with a storage chamber 4 for the 
active compound (which can be refilled through an 
upper opening sealed by a plug 5 - shown in Figures 
I, 4 and 5 only) and a dosing unit 6 for delivering a 
dose of the active compound to an air conduit 7. This 
air conduit 7 extends from a lower air inlet 8, past the 
dosing unit 6, where the active compound is emitted 
to the air flow generated by inhalation, and ends in 
the lower part of the nozzle unit 2, which consists of 
a free internal chamber 9 (in the embodiments 
according to Figures 2 and 4 the chamber 9 
occupies the whole space inside the nozzle unit 2). 

The likewise known dosing unit 6 comprises 
essentially a perforated membrane 10 in the form of a 
plane, rotary membrane whose perforations in 
connection with the storage chamber 4 are filled with 
powder substance by means of resilient scrapers II 
and which in the area of the air conduit 7 emits the 
powder substance under the action of the air flow 
generated by inhalation passing through the perfor- 
ations of the membrane. The dosing unit 6 is 
operated by an outer, somewhat knurled grip collar 
12, which is connected to the rotary membrane 10 so 
as to transmit the rotary movement. Thus the dosing 
is achieved by rotating the membrane 10 a fixed 
distance by means of the grip collar 12. 
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According to the present invention deflector 
devices are arranged in the nozzle unit 2 and/or the 
container unit 3 and are adapted to powerfully 
deflect the powder-saturated air flow generated by 
inhalation. In the illustrated embodiments the deflec- 
tor devices comprise helical channel portions which 
give the air flow a rotating, helical pattern of motion. 
The deflector devices are intended to disrupt - 
aggregated particles by means of the centrifugal 
force generated when the inhalation air flows 
through the region of the deflector devices. As 
discussed above, an effective grinding is accom- 
plished, partly by the particles impacting on the 
deflecting wall surfaces, partly by mutual collisions 
between the particles. To attain a sufficient rotary 
motion of the air flow, it is essential that the radial 
extension of the hollow space in the cross-section 
area of the nozzle unit 2 is small compared to the 
radial extension of the deflector devices. Further- 
more, the air flow is additionally accelerated by the 
fact of the nozzle unit 2 being shaped with a 
constricted cross-section in the region of the 
deflector devices. 

According to Figure I a helical channel portion 13 
as described above is arranged at the top of the 
nozzle unit 2 adjacent the nozzle aperture 2a. The 
helical channel portion 13, which can be arranged in a 
detachable liner body in the nozzle unit 2, comprises 
two interacting helical channel walls 13a and 13b, 
mutually displaced half a revolution. Furthermore, 
along the centre line of the helical channel walls 
there is formed a small, straight hollow space which 
reduces the flow resistance, at least initially, but 
which only conducts a small part of the total flow. 
Consequently air is aspirated into the air intake 8 and 
the air flow entrains the substance particles in the 
dosing unit 6, whereupon the particle-saturated air 
flow enters the chamber 9 of the nozzle unit, where it 
is mixed with dilution air aspirated through one or 
more separate air inlets 14 in the side walls of the 
nozzle unit 2 close to the top end of the container 
unit 3. Subsequently the composite, particle-satu- 
rated air flow is constrained to follow a helical path 
along the respective helical channel walls 13a, 13b 
until it leaves the nozzle aperture 2a. 

In the embodiment according to Figure 2 the flow 
proceeds quite freely in the internal chamber 9 of the 
nozzle unit 2, but the air flow has already been set in 
helical rotation in the upper part of the air conduit 7 
by passing through a similar helical channel portion 
15 with helical channel wails 15a, 15b mutually 
displaced half a revolution. In this case dilution air is 
aspirated through one or more air inlets 14' located in 
the central part of the container unit 3 somewhat 
above the dosing unit 6, that Is, the dilution should 
take place before the air flow is set in powerful 
rotation. The rotary movement will continue as a 
turbulent flow for at least a short distance up the 
nozzle unit 2 before the air flow leaves the aperture 
2a 

The embodiment according to Figure 3 con- 
stitutes essentially a combination of Figures I and 2, 
that is, a helical portion 13 or 15 is arranged both in 
the upper part of the nozzle unit and in the upper 
part of the air conduit 7, said dilution air inlets being 



located either as in Figure I (broken arrow B) or as in 
Figure 2 (arrow A). The directions of rotation 
according to Figure 3 are the same in both helical 
channel portions 13, 15, and consequently they 
5 cooperate with each other to achieve a higher rotary 
speed. In principle it is possible to join the two 
portions together to form a long continuous helical 
channel portion. As an alternative, it is possible for 
the two helical channel portions 13, 15 to have 
10 opposite directions of rotation, whereby one deliber- 
ately aims to generate a turbulent flow in the 
chamber 9, with the air flow reversing its direction of 
rotation. Such turbulent flow can also accomplish 
effective disintegration of aggregates by frequent 
15 mutual collisions. 

in the embodiments according to Figure 4 och 5 
the dilution air Is aspirated from an air inlet 14' 
(located somewhat above the dosing unit 6, as in 
Figure 2) via an envelope surface 16 with helical 
20 channel walls surrounding the upper part of the air 
conduit 7. Consequently the particle-saturated air 
flow and the dilution air flow enter the chamber 9 
separately, although both air streams are set in 
rotation (in the same or opposite directions). In the 
25 embodiment according to Figure 5 an additional 
rotary motion is achieved in the helical channel 
portion 13 of the nozzle unit 2. In principle it is 
conceivable to omit the helical channel portion 15 in 
the upper part of the air conduit 7 In the embodi- 
30 ments according to Figures 4 and 5, in which case 
the rotary motion of the dilution air will act on the 
particle-saturated air flow in the chamber 9. It is also 
possible to have the helical channel portion in the 
envelope surface 16 end in the upper part of the air 
35 conduit 7. 

Besides the above-mentioned effects of the 
collisions of the particles and aggregates with the 
channel walls and with other particles and aggre- 
gates, the different helical channel portions 13, 15, 16 
40 (in Figures 1-5) create a constructing effect which 
increases the flow velocity and thereby further 
promotes disintegration. However, the constricting 
effect, that is, the cross-section area of the helical 
channel portions, must be adjusted to avoid making 
45 the inhalation resistance too great for patients with 
disease of the respiratory tract, such as asthmatics. 
In general the total cross-section area can be varied 
between 5 and 50 mm 2 , while the overall length of 
the helical channel portions can amount to 5-50 mm. 
50 The ratio between the radial extension of the 
deflector devices and the radial extension of the 
central hollow space is an essential factor for the 
efficient disintegration of powder aggregate into 
particles in the respirable range, that is, the 
55 cross-section area of said hollow space must be 
adjusted to avoid too much of the particle-saturated 
air flow to pass through the hollow space and couse 
an inefficient disintegration. Consequently, it is 
possible to omit the central hollow space to further 
60 promote disintegration. The illustrated embodiments 
show deflector devices in which the radial extension 
of the hollow space is about 10-20 o/o of the radial 
extension of the deflector devices, as appears from 
Figures 1-5; In a cross-section in the region of the 
65 deflector devices the ratio of the radial extension of 
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the central hollow space to that of the deflector 
devices can be varied essentially between 0-50 <Vb to 
attain efficient disintegration and also to provide an 
inhalation resistance which is not too great for 
patients suffering from disease of the respiratory 5 
tract. In the embodiments according to Figures I, 3 
and 5 the constricted cross-section in the nozzle 
unit 2 causes an increased acceleration of the 
particle-saturated air flow and hence a more efficient 
disintegration. w 

The invention is applicable in many ways within the 
scope of the claims. Thus the deflector devices be 
placed in different types of powder inhalators 
(according to the preamble of claim I), and further 
the deflector devices can be designed in other ways 15 
than in the embodiments. In the first place they do 
not need to generate specifically a rotary or helical 
flow, but other powerful deflected flow paths are 
also possible, such, as labyrinthine or meandering 
flow path. Likewise the channel walls do not have to 20 
form continuous guiding surfaces but can consist of 
a plurality of consecutively arranged, complementary 
guiding surfaces in the shape of plates or bodies 
with slightly curved surfaces which together accom- 
plish a powerful deflection of the air flow. 25 



Claims 

30 

1. Device in powder inhalators of a kind 
intended for inhalation of an air flow, which 
contains pharmacologically active compound In 
atomized or micro nized form and which com- 
prises a nozzle unit (2) with a nozzle aperture 35 
(2a) as well as a container unit (3) with a 
releasing or dosing unit (6) for delivering the 
active compound, said air flow generated by 
inhalation being at least partly aspirated 
through an air conduit (7) in the container unit AO 
(3), and said conduit extending from an air inlet 

(8), communicating with the environment, via 
said releasing or dosing unit (6) up to said 
nozzle unit (2), characterized by deflector 
devices (13, (5, 16) stationarily arranged in said 45 
container (3) and/or nozzle unit (2), said 
deflector devices, to a substantial extent, 
extend towards the centre of said devices and 
being arranged to impart a powerful deflecting 
movement to the air flow generated by inhaltion. 50 

2. Device according to claim I, characterized 
in that said deflector devices (13, 15, 16) are 
arranged to impart a rotary motion to the air 
flow generated by inhalation. 

3. Device according to claim 2, characterized 55 
in that a through hole is arranged along the 
centre axis of said deflector devices (13, 15, 16) to 
lower the flow resistance. 

4. Device according to claim 3, characterized 

in that the ratio of the radial extension of said 60 
hole to that of said deflector devices being 
0-60 0/0. 

5. Device according to claim I or 2 in which at 
least one additional air inlet (14, 14') is arranged 

in the container (3) or nozzle unit (2) for 65 



aspiration of dilution air into the air flow 
generated by inhalation between said dosing 
unit (6) and said nozzle aperture (2a), charac- 
terized in that said deflector devices (15, 16) are 
arranged to powerfully deflect said dilution air 
flow and/or the particle-saturated airflow in the 
region of said air conduit (7). 

6. Device according to any of the claims 1-5, 
characterized in that said deflector devices 
comprise at least one essentially helically 
formed channel portion (13, 15, 16). 

7. Device according to claim 6. characterized 
in that at least one helical channel portion (13), 
connected to the nozzle aperture (2a), is 
arranged in said nozzle unit (2). 

8. Device according to claim 7, characterized 
in that the nozzle unit (2) is shaped with a 
continuously reducing cross-section area to- 
wards the nozzle aperture (2a). 

9. Device according to claim 6 or 7, charac- 
terized in that at least one helical channel 
portion connected to the nozzle unit (2) is 
arranged in the region of said air conduit (7) . 

10. Device according to claim 7 or 8, charac- 
terized in that at least the part of the nozzle unit 
(2) adjacent the container unit (3) consists of a 
free, internal chamber (9) through which the air 
flow generated by inhalation passes. 

11. Device according to any of the preceding 
claims in combination with claim 5, in which said 
additional air inlet (14') is located in the 
container unit (3) and characterized in that said 
additional air Inlet (14') is connected to a 
separate helical channel portion (16) which ends 
in said air conduit (7) or said nozzle unit (2). 

12. Device according to claim K), characterized 
in that said separate helical channel portion (16) 
is arranged in an envelope surface which 
surrounds said air conduit (7). 

13. Powder inhalator according to any of claims 
6-11 characterized in that the cross section area 
of the respective helical channel portion (13, 15, 
16) is 5-50 mm 2 and that the total length of said 
helical channel portions is 5-50 mm. 
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Description 

The present invention relates to a powder in- 
halators according to the preamble of claim 1 in- 
tended to be used for local administration of drugs 
to the respiratory tract and lungs of a patient. Such 
a device is disclosed in US-A-4 524 769. 

There are different types of powder inhalators, 
for example those which operate with hard gelatine 
capsules from which the pharmacologically active 
compound is released during inhalation through the 
inhalator, and those which dose the pharmacologi- 
cally active compound directly into the air conduit 
by means of a special dosing unit, said compound 
being administered to patients during inhalation 
through the inhalator. 

All substances which are used in such inhala- 
tors are atomized or micronized so that the main 
fraction of the substance is within the particle size 
range which is termed the respirable range, that is, 
particles smaller than 5 urn. This applies both to 
inhalators operating with pure active compound and 
to those where the active compound is mixed with 
suitable diluting agents such as lactose, sucrose 
etc. 

The active compound is enclosed, without car- 
rier substance or when appropriate together with 
carrier substance, in hard gelatine capsules or di- 
rectly in a storage unit in the inhalator, which 
storage unit is connected to a suitable dosing unit 
incorporated in the powder inhalator. When the 
substance is to be released from the hard gelatine 
capsule or from the dosing unit into the air conduit 
of the powder inhalator, it is essential that the 
largest possible quantity of primary particles is 
obtained in the respirable range, that is, smaller 
than 5 urn, at flows which can be generated by a 
patient suffering from disease of the respiratory 
tract. A sufficient quantity of particles smaller than 
5 urn can be obtained to achieve a therapeutic 
effect by means, of a particle disintegrating con- 
struction according to US-A-4 524 769, in which a 
constriction in the nozzle unit increases the flow 
velocity of the inhalation air and a propeller contri- 
butes to an increase in the quantity of particles in 
the respirable range. This construction implies, 
however, that movable parts are used in the nozzle 
unit 

The object of the invention is to accomplish, 
against this background, a device in powder inhala- 
tors of the known kind which is stated in the 
preamble of claim 1, in such way that during in- 
halation and without the help of movable parts an 
effective disintegration of powder aggregates into 
particles within the respirable range is achieved. 

This object is attained in that the inhalator is 
provided with the features set forth in the char- 
acterizing portion of claim 1. 



During the deflection the particles will on the 
one hand be dashed against the walls of the de- 
flector devices by centrifugal force, whereby large 
particles or particle aggregates are ground into 
5 small- particles, and on the other hand collide with 
each other which results in a mutual grinding action 
between the particles. The overall result is in that a 
great quantity of particles can be generated within 
the respiratory range. 
10 The deflector devices can be arranged in many 

different ways, in particular in the form of helical 
channel portions, as will be evident from the claims 
and the detailed description below. 

The invention is described in greater detail 
75 below with reference to the accompanying draw- 
ings which illustrate some working examples. 
Figure 1 shows an axial cross-section through a 
first embodiment of a device according to the 
invention with a helical channel portion in the 
20 nozzle unit of the powder inhalator; 

Figure 2 shows a corresponding view of a sec- 
ond embodiment with a helical channel portion 
in the container unit of the powder inhalator; 
Figure 3 shows a corresponding view of a third 
25 embodiment with a helical channel portion in 
both the nozzle and the container unit; 
Figure 4 shows a corresponding view of a fourth 
embodiment with double helical channel por- 
tions in the container unit, and 
30 Figure 5 shows a corresponding view of a fifth 
embodiment with double helical channel por- 
tions in the container unit and with a helical 
channel portion in the nozzle unit. 
The powder inhalators illustrated in Figures 1-5 
35 are all of a known type (see US-A-4524769). 
named dosage inhalators, and comprise a nozzle 
unit 2 with a nozzle aperture 2a located at the top 
and a container unit 3 with a storage chamber 4 for 
the active compound (which can be refilled through 
40 an upper opening sealed by a plug 5 - shown in 
Figures 1, 4 and 5 only) and a dosing unit 6 for 
delivering a dose of the active compound to an air 
conduit 7. This air conduit 7 extends from a lower 
air inlet 8, past the dosing unit 6, where the active 
45 compound is emitted to the air flow generated by 
inhalation, and ends in the lower part of the nozzle 
unit 2, which consists of a free internal chamber 9 
(in the embodiments according to Figures 2 and 4 
the chamber 9 occupies the whole space inside the 
50 nozzle unit 2). 

The likewise known dosing unit 6 comprises 
essentially a perforated membrane 10 in the form 
of a plane, rotary membrane whose perforations in 
connection with the storage chamber 4 are filled 
55 with powder substance by means of resilient scrap- 
ers 1 1 and which in the area of the air conduit 7 
emits the powder substance under the action of the 
air flow generated by inhalation passing through 
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the perforations of the membrane. The dosing unit 
6 is operated by an outer, somewhat knurled grip 
collar 12, which is connected to the rotary mem- 
brane 10 so as to transmit the rotary movement. 
Thus the dosing is achieved by rotating the mem- 
brane 10 a fixed distance by means of the grip 
collar 12. 

According to the present invention deflector 
devices are arranged in the nozzle unit 2 and/or the 
container unit 3 and are adapted to powerfully 
deflect the powder-saturated air flow generated by 
inhalation. In the illustrated embodiments the de- 
flector devices comprise helical channel portions 
which give the air flow a rotating, helical pattern of 
motion. The deflector devices are intended to dis- 
rupt aggregated particles by means of the centri- 
fugal force generated when the inhalation air flows 
through the region of the deflector devices. As 
discussed above, an effective grinding is accom- 
plished, partly by the particles impacting on the 
deflecting wall surfaces, partly by mutual collisions 
between the particles. To attain a sufficient rotary 
motion of the air flow, it is essential that the radial 
extension of the hollow space in the cross-section 
area of the nozzle unit 2 is small compared to the 
radial extension of the deflector devices. Further- 
more, the air flow is additionally accelerated by the 
fact of the nozzle unit 2 being shaped with a 
constricted cross-section in the region of the de- 
flector devices. 

According to Figure 1 a helical channel portion 

1 3 as described above is arranged at the top of the 
nozzle unit 2 adjacent the nozzle aperture 2a. The 
helical channel portion 13, which can be arranged 
in a detachable liner body in the nozzle unit 2, 
comprises two interacting helical channel walls 13a 
and 13b, mutually displaced half a revolution. Fur- 
thermore, along the centre line of the helical chan- 
nel walls there is formed a small, straight hollow 
space which reduces the flow resistance, at least 
initially, but which only conducts a small part of the 
total flow. Consequently air is aspirated into the air 
intake 8 and the air flow entrains the substance 
particles in the dozing unit 6, whereupon the 
particle-saturated air flow enters the chamber 9 of 
the nozzle unit, where it is mixed with dilution air 
aspirated through one or more separate air inlets 

14 in the side walls of the nozzle unit 2 close to the 
top end of the container unit 3. Subsequently the 
composite, particle-saturated air flow is constrained 
to follow a helical path along the respective helical 
channel walls 13a, 13b until it leaves the nozzle 
aperture 2a. 

In the embodiment according to Figure 2 the 
flow proceeds quite freely in the internal chamber 9 
of the nozzle unit 2, but the air flow has already 
been set in helical rotation in the upper part of the 
air conduit 7 by passing through a similar helical 



channel portion 15 with helical channel walls 15a, 
15b mutually displaced half a revolution. In this 
case dilution air is aspirated through one or more 
air inlets 14' located in the centra] part of the 
5 container unit 3 somewhat above the dosing unit 6, 
that is the dilution should take place before the air 
flow is set in powerful rotation. The. rotary move- 
ment will continue as a turbulent flow for at least a 
short distance up the nozzle unit 2 before the air 
w flow leaves the aperture 2a. 

The embodiment according to Figure 3 con- 
stitutes essentially a combination of Rgures 1 and 
2, that is, a helical portion 13 or 15 is arranged 
both in the upper part of the nozzle unit and in the 
T5 upper part of the air conduit 7, said dilution air 
inlets being located either as in Figure 1 (broken 
arrow B) or as in Figure 2 (arrow A). The directions 
of rotation according to Figure 3 are the same in 
both helical channel portions 13, 15, and con- 
20 sequently they cooperate with each other to 
achieve a higher rotary speed. In principle it is 
possible to join the two portions together to form a 
long continuous helical channel portion. As an alter- 
native, it is possible for the two helical channel 
25 portions 13, 15 to have opposite directions of rota- 
tion, whereby one deliberately aims to generate a 
turbulent flow in the chamber 9, with the air flow 
reversing its direction of rotation. Such turbulent 
flow can also accomplish effective disintegration of 
30 aggregates by frequent mutual collisions. 

In the embodiments according to Figure 4 and 
5 the dilution air is aspirated from an air inlet 14* 
(located somewhat above the dosing unit 6, as in 
Figure 2) via an envelope surface 16 with helical 
35 channel walls surrounding the upper part of the air 
conduit 7. Consequently the particle-saturated air 
flow and the dilution air flow enter the chamber 9 
separately, although both air streams are set in 
rotation (in the same or opposite directions). In the 
40 embodiment according to Figure 5 an additional 
rotary motion is achieved in the helical channel 
portion 13 of the nozzle unit 2. In principle it is 
conceivable to omit the helical channel portion 15 
in the upper part of the air conduit 7 in the embodi- 
es ments according to Figures 4 and 5, in which case 
the rotary motion of the dilution air will act on the 
particle-saturated air flow in the chamber 9. It is 
also possible to have the helical channel portion in 
the envelope surface 16 and in the upper part of 
50 the air conduit 7. 

Besides the above-mentioned effects of the 
collisions of the particles and aggregates with the 
channel walls and with other particles and ag- 
gregates, the different helical channel portions 13, 
55 15, 16 (in figures 1-5) create a constricting effect 
which increases the flow velocity and thereby fur- 
ther promotes disintegration. However, the con- 
stricting effect, that is, the cross-section area of the 
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helical channel portions, must be adjusted to avoid 
making the inhalation resistance too great for pa- 
tients with disease of the respiratory tract, such as 
asthmatics. In general the total cross-section area 
can be varied between 5 and 50 mm 2 , while the 
overall length of the helical channel portions can 
amount to 5-50 mm. 

The ratio between the radial extension of the 
deflector devices and the radial extension of the 
central hollow space is an essential factor for the 
efficient disintegration of powder aggregate into 
particles in the respirable range, that is, the cross- 
section area of said hollow space must be adjusted 
to avoid too much of the particle-saturated air flow 
to pass through the hollow space and cause an 
inefficient disintegration. Consequently, it is possi- 
ble to omit the central hollow space to further 
promote disintegration. The illustrated embodi- 
ments show deflector devices in which the radial 
extension of the hollow space is about 10-20 % of 
the radial extension of the deflector devices, as 
appears from Figures 1-5. In a cross-section in the 
region of the deflector devices the ratio of the 
radial extension of the central hollow space to that 
of the deflector devices can be varied essentially 
between 0-50 % to attain efficient disintegration 
and also to provide an inhalation resistance which 
is not too great for patients suffering from disease 
of the respiratory tract. In the embodiments accord- 
ing to Figures 1, 3 and 5 the constricted cross- 
section in the nozzle unit 2 causes an increased 
acceleration of the particle-saturated air flow and 
hence a more efficient disintegration. 

The invention is applicable in many ways with- 
in the scope of the claims. Thus the deflector 
devices can be placed in different types of powder 
inhaiators (according to the preamble of claim 1), 
and further the deflector devices can be designed 
in other ways than in the embodiments. 

The channel walls do not have to form continu- 
ous guiding surfaces but can consist of a plurality 
of consecutively arranged, complementary guiding 
surfaces in the shape of plates or bodies with 
slightly curved surfaces which together accomplish 
a powerful deflection of the air flow. 

Claims 

1. A powder inhalator for inhalation of an airflow 
having a container unit (3) containing a phar- 
macologically active compound in atomized or 
micronized form, a conduit (7) extending 
through the container unit (3) and having an air 
inlet (8), a dosing unit (6) for delivering a dose 
of the compound to the conduit (7), said airflow 
being generated by inhalation and being at 
least partly aspirated through said conduit (7), 
and a nozzle unit (2) having a nozzle aperture 



(2a) and communicating with the conduit out- 
let, means (13, 15, 16) being provided in said 
inhalator for disintegrating said micronized or 
atomized compound into particles of a size 

5 being in the respirable range, characterized 

in that said disintegrating means (13, 15, 16) 
comprise deflector devices (13a, 13b, 15a, 15b, 
16) stationarily arranged in the interior of said 
conduit (7) and/or of said nozzle unit (2), said 

10 deflector devices (13a,13b,15a,15b, 16) having 

a radial extent towards the centerline or lon- 
gitudinal axis of the conduit (7) respectively the 
nozzle unit (2), said airflow being accelerated 
by a constricted cross-section in the region of 

75 the deflector devices, said deflector devices 
(13a, 13b, 15a, 15b, 16) further having a radial 
extent sufficient to and being oriented such as 
to impart a rotary movement to said airflow, 
said deflector devices (13a, 13b, 15a, 15b, 16) 

20 thus imparting a deflecting movement to said 

airflow by accelerating the airflow centripetally 
by means of said deflector devices (13a, 13b, 
15a, 15b, 16), so that particles or aggregates 
of the compound are ground into smaller par- 

25 tides by colliding with each other and/or im- 

pacting on the walls of said deflector devices. 

2. Powder inhalator according to claim 1, char- 
acterized in that a through hole is arranged 

30 along the centre axis of said deflector devices 

(13, 15, 16) to lower the flow resistance. 

3. Powder inhalator according to claim 2, char- 
acterized in that the ratio of the radial exten- 

35 sion of said hole to that of said deflector de- 

vices is 0 - 50%. 

4. Powder inhalator according to claim 1, char- 
acterized in that at least one additional air 

40 inlet (14, 14') is arranged in the container (3) or 

the nozzle unit (2) for aspiration of dilution air 
into the airflow generated by inhalation be- 
tween said dosing unit (6) and said nozzle 
aperture (2a), and that said deflector devices 

45 (13, 15, 16) are arranged to deflect said dilu- 

tion airflow and/or the the particle-saturated 
airflow in the region of said air conduit (7). 

5. Powder inhalator according to any one of 
so claims 1 - 4, characterized in that said deflec- 
tor devices comprise at least one' essentially 
helically formed channel portion (13, 15, 16). 

6. Powder inhalator according to claim 5,. char- 
55 acterized in that at least one helical channel 

portion (13), connected to the nozzle aperture 
(2a), is arranged in said nozzle unit (2). 
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7. Powder inhalator according to claim 7, char- 
acterized in that the nozzle unit (2) is shaped 
with a continuously reducing cross-section 
area towards the nozzle aperture (2a). 

5 

8. Powder inhalator according to claim 5 or 6, 
characterized in that at least one helical 
channel portion connected to the nozzle unit 
(2) is arranged in the region of said air conduit 

(7). ■ 10 

9. Powder inhalator according to claim 6 or 7, 
characterized in that at least the part of the 
nozzle unit (2) adjacent the container unit (3) 
consists of a free, internal chamber (9) through is 
which the airflow generated by inhalation 
passes. 

10. Powder inhalator according to any one of the 
preceding claims in combination with claim 4 20 
in which said additional air inlet (14') is located 

in the container unit (3) and characterized in 
that said additional air inlet (14') is connected 
to a separate helical channel (16) which ends 
in said air conduit (7) or said nozzle unit (2). 25 

11. Powder inhalator according to claim 9 t char- 
acterized in that said separate helical channel 
portion (16) Is arranged in an envelope surface 
which surrounds said air conduit (7). so 

12. Powder inhalator according to any one of 
claims 5-10, characterized in that the cross- 
section area of the respective helical channel 
portion (13, 15, 16) is 5 - 50 mm 2 and that the 35 
total length of said helical channel portions is 5 

- 50 mm. 

Revendications 

40 

1. Un inhalateur de poudre pour I'inhalation d'un 
ecoulement d'air, comprenant un ensemble 
formant reservoir (3), contenant un compose 
pharmacologiquement actif, sous forme pulve- 
risee ou micronisee, une conduite (7) s'eten- 45 
dant a travers de Pensemble formant reservoir 
(3) et comprenant une entree d'air (8), une 
unite de dosage (6) pour delivrer une dose de 
melange a la conduite (7), tedK ecoulement 
d'air etant produit par inhalation et etant, au so 
moins partiellement, aspire a travers ladite 
conduite (7), et un ensemble de buse (2), 
pourvu d'une ouverture de buse (2a) et com- 
muniquant avec la sortie de la conduite, des 
moyens (13, 15, 16) etant prgvus dans ledit 55 
inhalateur pour desintegrer ledit compose pul- 
verise* ou micronise en particules d'une dimen- 
sion comprise dans la gamme inhalable, carac- 



terise en ce que lesdits moyens de disintegra- 
tion (13, 15, 16) comprennent des dispositifs 
formant deflecteur (13a, 13b, 15a, 15b. 16) 
months de fagon fixe a Pinterieur de ladite 
conduite (7) et/ou dudit ensemble de buse (2), 
lesdits dispositifs formant deflecteur (13a, 13b, 
15a, 15b, 16) s'&endant radialement vers Paxe 
central ou Paxe longitudinal, respectivement, 
de la conduite (7) et de Pensemble de buse 
(2), ledit ecoulement d'air etant accSleVe par 
un etranglement en coupe transversale dans la 
region des dispositifs formant deflecteur, les- 
dits dispositifs formant deflecteur (13a, 13b, 
15a, 15b, 16) ayant en outre une extension 
radiale suffisante et etant orientes de manure 
a im primer un mouvement de rotation audit 
ecoulement d'air, lesdits dispositifs formant de- 
flecteur (13a. 13b, 15a, 15b, 16) imprimant 
ainsi un mouvement de deviation audit ecoule- 
ment d'air par une acceleration centripete de 
pecoulement d'air au moyen desdits dispositifs 
formant deflecteur (13a, 13b, 15a, 15b , 16), de 
maniere que les particules ou les grumeaux 
agglomeres de compose soient broy£s en fi- 
nes particules par collision r£ciproque et/ou 
par un impact sur les parois desdits dispositifs 
formant deflecteur. 

2. Inhalateur de poudre selon la revendication 1, 
caracterise en ce qu'un trou traversant est 
agence le long de Paxe central desdits disposi- 
tifs formant deflecteur (13, 15, 16) afin d'abais- 
ser la resistance a Pecoulement. 

3. Inhalateur de poudre selon la revendication 2, 
caracterise en ce que le rapport de Pextension 
radiale dudit trou sur celle desdits dispositifs 
formant deflecteur est de 0 a 50 %. 

4. Inhalateur de poudre selon la revendication 1 , 
caracterise en ce qu'au moins une entree d'air 
supplemental (14, 14') est menagee dans le 
reservoir (3) ou dans Pensemble de buse (2) 
pour aspirer de Pair de dilution dans Pecoule- 
ment d'air produit par inhalation entre ladite 
unite de dosage (6) et ladite ouverture de buse 
(2a), et que lesdits dispositifs formant deflec- 
teur (13, 15, 16) sent disposes de maniere a 
devier ledit ecoulement d'air de dilution et/ou 
Pecoulement d'air sature de particules dans la 
region de ladite conduite d'air (7). 

5. Inhalateur de poudre selon Pune quelconque 
des revendications 1 a 4, caracterise en ce 
que lesdits dispositifs formant deflecteur com- 
prennent au moins une partie de canal essen- 
tiellement de forme heiicoTdale (13, 15, 16). 
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6. Inhaiateur de poudre selon la revendication 5, 
caracte'rise' en ce qu'au moins une partie for- 
mant canal helicoTdal (13) reliee a I'ouverture 
de buse (2a) est agencte dans ledit ensemble 

de buse (2). 5 

7. Inhaiateur de poudre selon la revendication 7, 
caracterise en ce que I'ensemble de buse (2) 
est conforme de maniere que sa surface en 
coupe transversale se reduise progressivement w 
vers I'ouverture de buse (2a). 

8. Inhaiateur de poudre selon la revendication 5 
ou 6. caractdrise en ce qu'au moins une partie 
formant canal helicoTdal, reliee k I'ensemble de 75 
buse (2), est agencee dans la region de ladite 
conduite d'air (7). 

9. Inhaiateur de poudre selon la revendication 6 

ou 7, caracterise en ce qu'au moins la partie 20 
de I'ensemble de buse (2) adjacente a. I'en- 
semble formant reservoir (3) est constitute par 
une chambre interieure Hbre (9) traversee par 
I'ecoulement d'air produit par 1'inhalation. 

25 

10. Inhaiateur de poudre selon Tune quelconque 
des pr6c6dentes revendications, en combinai- 
son avec la revendication 4, dans lequel ladite 
entnie d'air supplSmentaire (14') est situee 
dans I'ensemble formant reservoir (3) et carac- 30 
tSrise en ce que ladite entree d'air supplemen- 
tal (14') est reliee a un canal helicoTdal sepa- 

re (16) qui aboutit dans ladite conduite d'air (7) 
ou ledit ensemble de buse (2). 

35 

11. Inhaiateur de poudre selon la revendication 9, 
caracterise en ce que ladite partie formant 
canal helico'tdal separe (16) est agencee dans 
une surface formant enveloppe qui entoure la- 
dite conduite d'air (7). ao 

12. Inhaiateur de poudre selon I'une quelconque 
des revendications 5 h 10, caracteVise* en ce 
que la surface en coupe transversale de la 
partie respective en forme de canal helicoVdal 45 
(13, 15, 16) est de 5 a 50 mm 2 et que la 
longueur totale desdites parties formant canal 
helicoTdal est de 5 h 50 mm. 

Patentanspriiche 50 

1. Pulverinhalator zur Inhalation eines Luftstroms 
mit einer eine pharmakologisch wirksame Ver- 
bindung in zerstaubter oder mikronisierter 
Form enthaltenden Behaltereinheit (3), einer 55 
durch die Behaltereinheit (3) verlaufenden Lei- 
tung (7), die einen Lufteinlafl (8) aufweist, einer 
Dosierungseinheit (6) zur Abgabe einer Dosis 



der Verbindung an die Leitung (7), wobei der 
Luftstrom durch Inhalation erzeugt und zumin- 
dest teilweise durch die Leitung (7) angesaugt 
wird, und einer DUseneinheit (2), die eine Du- 
senoffnung (2a) aufweist und mit dem Lei- 
tungsauslaB in Verbindung steht, wobei im In- 
halator Mittel (13, 15, 16) zur Zerteilung der 
mikronisierten Oder zerstaubten Verbindung zu 
Teilchen einer im einatembaren Bereich lie- 
genden Grofle vorgesehen sind, dadurch ge- 
kennzeichnet, da/3 diese Zerteilungsmittel (13, 
15, 16) Ablenkungseinrichtungen (13a,13b, 
15a,15b, 16) umfassen, die ortsfest im Inneren 
der Leitung (7) und/oder der DUseneinheit (2) 
angeordnet sind, wobei die Ablenkungseinrich- 
tungen (13a f 13b, 15a,15b, 16) zur Mittellinie 
Oder Langsachse der Leitung (7) bzw. der DU- 
seneinheit (2) hin eine radiale Erstreckung auf- 
weisen, wobei der Luftstrom durch einen ver- 
engten Querschnitt im Bereich der Ablen- 
kungseinrichtungen beschleunigt wird, und wo- 
bei die Ablenkungseinrichtungen (13a, 13b, 
15a,15b, 16) weiters eine radiale Erstreckung 
aufweisen, die ausreicht und so gerichtet ist, 
dafl sie den Luftstrom in eine Drehbewegung 
versetzt, wodurch die Ablenkungseinrichtungen 
(13a,13b, 15a,15b, 16) den Luftstrom in eine 
Ablenkungsbewegung versetzen, indem sie 
den Luftstrom durch die Ablenkungseinrichtun- 
gen (13a,13b, 15a,15b, 16) zentripetal be- 
schleunigen, so da/3 Teilchen Oder Aggregate 
der Verbindung durch gegenseitiges Zusam- 
menstoBen oder Auftreffen auf die Wande der 
Ablenkungseinrichtungen zu kfeineren Teilchen 
zerrieben werden. 

2. Pulverinhalator nach Anspruch 1, dadurch ge- 
kennzeichnet, 6aB ein durchgehendes Loch 
entlang der Mittelachse der Ablenkungseinrich- 
tungen (13, 15, 16) zur Herabsetzung des Stro- 
mungswiderstandes angeordnet ist. 

3. Pulverinhalator nach Anspruch 2, dadurch ge- 
kennzeichnet, dai3 das Verhaltnis der radialen 
Erstreckung dieses Loches zu jener der Ablen- 
kungseinrichtungen 0-50% ist. 

4. Pulverinhalator nach Anspruch 1, dadurch ge- 
kennzeichnet, dafi zumindest ein zusatzlicher 
LufteinlaB (14, 14') in der Behalter- (3) oder 
der DUseneinheit (2) zum Ansaugen von Ver- 
dunnungsluft in den durch Inhalation zwischen 
der Dosierungseinheit (6) und der DUsenoff- 
nung (2a) erzeugten Luftstrom angeordnet ist, 
und da/3 die Ablenkungseinrichtungen (13, 15, 
16) zur Ablenkung des VerdUnnungsluftstroms 
und/oder des mit Teilchen gesattigten Luft- 
stroms im Bereich der Luftleitung (7) angeord- 
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net sind. 

5. Pulverinhalator nach einem der Anspriiche 1 
bis 4, dadurch gekennzeichnet, dafl die Ablen- 
kungseinrichtungen zumindest einen im we- 5 
sentlichen schraubenformigen Kanalabschnitt 

(13, 15, 16) umfassen. 

6. Pulverinhalator nach Anspruch 5, dadurch ge- 
kennzeichnet, dafl zumindest ein mit der DO- 10 
senoffnung (2a) verbundener schraubenformi- 

ger Kanalabschnitt (13) in der Duseneinheit (2) 
angeordnet ist. 

7. Pulverinhalator nach Anspruch 6, dadurch ge- rs 
kennzeichnet, dafl die DUseneinheit (2) zur DU- 
senoffnung (2a) hin mit einer sich kontinuier- 

lich verkleinernden Querschnittsflache geformt 
ist. 

20 

8. Pulverinhalator nach Anspruch 5 oder 6, da- 
durch gekennzeichnet da/3 zumindest ein 
schraubenfSrmiger, mit der Duseneinheit (2) 
verbundener Kanalabschnitt im Bereich der 
Luftleitung (7) angeordnet ist. 25 

9. Pulverinhalator nach Anspruch 6 oder 7, da- 
durch gekennzeichnet, dafl zumindest der an 
die Behaitereinheit (3) angrenzende Teil der 
DUseneinheit (2) aus einer freien Innenkammer 30 
(9) besteht, durch welche der durch Inhalation 
erzeugte Luftstrom hindurchgeht. 

10. Pulverinhalator nach einem der vorhergehen- 

den AnsprOche in Kombination mit Anspruch 4, 35 
bei welchem sich der zusatzliche Lufteinlafl 
(14 ? ) in der Behaltereinheit (3) befindet und 
weicher dadurch gekennzeichnet ist, dafl der 
zusatzliche Lufteinlafl (14*) mit einem separa- 
ten schraubenformigen Kanal (16) verbunden 40 
ist, der in der Luftleitung (7) oder der DUsen- 
einheit (2) endet. 

11. Pulverinhalator nach Anspruch 9, dadurch ge- 
kennzeichnet, dafl der separate schraubenfor- 45 
mige Kanalabschnitt (16) in einer die Luftlei- 
tung (7) umgebenden Umhullungsflache ange- 
ordnet ist. 

12. Pulverinhalator nach einem der Anspruche 5- 50 
10, dadurch gekennzeichnet, dafl die Quer- 
schnittsflache des jeweiligen schraubenformi- 
gen Kanalabschnitts (13, 15, 16) 5-50 mm 2 
betragt und dafl die Gesamtlange der schrau- 
benformigen Kanalabschnitte 5-50 mm betragt, 55 
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